ABSTRACT
INTRODUCTION
The challenge of sustaining the continued existence of manufacturing plants has been tackled by a variety of approaches: (1) development and implementation of effective marketing strategies through product promotion, quantity discount, and good after-sales/installation services; (2) production to client specification and to delivery dates in order to avoid heavy penalty losses for and from the client; and (3) creation of good image and goodwill for the company by engaging in community development projects. The first and the third approaches would fail to maintain wooed clients or loyal customers if the second approach is not taken seriously. Thus, production managers in semi-automated roofing sheet manufacturing plants are constantly under serious pressure of keeping to production schedule of orders, and maintaining an effective work team whose performance is measured, rewarded or reprimanded constantly. This pursuit has motivated the application of work standards in the determination of the time to produce work orders. Work standard is a performance standard tool, which has been applied effectively in both manufacturing and service systems for achieving results and set goals (Hui and Frency 1999; Grunberg 2003; Greasley 2003) .
Work standard has been traditionally utilised to reveal manufacturing plants weaknesses, strengths, opportunities for improvement, and threats for non-compliance to corrective actions (Edo et al.2001) . The literature on performance standard setting has been related to several tools and concepts of motion and time study (Meyers and Stewart, 1980; Karger and Bayha 2003; Polk 1984; Doty 1989; Zandin 2003) . The fund of knowledge in Aft (2000) ; Barnes (1980) relating to motion and time study has specifically treated work standard under the time study analysis. The study by Allan et al. (1998 ), Miliward (1967 ; Rodriguez (1990) ; Sale (1989) on workstudy also relates to work standard in one form or the other. Work standard has a complimentary research body, which deals with non-standard works. Studies due to Olsen and Kalleberg (2004) ; Dawkins et al. (1986) ; Spoonley et al. (2002) . This growing body of knowledge is challenging the traditional concepts and principles of work standards. Olsen and Kalleberg (2004) examine the use of nonstandard work arrangements by organization in the United States (US) and Norway. Dawkins et al. (1986) considers the supply of non-standard hours of work.
From the above review, it becomes clear that systematic investigations on work standards with reference to batch products are missing. A closely related study was attempted by Oke (2007) , which focused on a case application of workstudy in an aluminium hollow-ware manufacturing plant that engages in the production of kettles, frying pans, and cooking pots. Even then, the approach adopted is differential calculus, which does not provide a simplified approach for the production manager of the roofing sheets company. There is therefore a strong need to propose and test an attractive approach for the roofing sheets manufacturing plant investigation. This is pursued in the current study. The structure of the paper is as follows: introduction, methodology, case study and discussion. In section 1, introduction provides the motivation into the study and its justification based on the existing gap that the literature review reveals. Section 2, the methodology, provides the framework for the implementation of the study. A case study that reveals the practical situation is discussed in section 3. The concluding remarks are provided in section 4.
METHODOLOGY
In this section, notations and assumptions governing the formulation of the model are discussed. The model development is then systematically presented. The development of model covers the three production processes in the roofing sheets company: roll forming, bending, and crimpsin. 
NOTATIONS

MODEL ASSUMPTIONS
Consider a manufacturing system under the following assumptions:
(1) An effective production system is in place, such that the efforts put into the system is directly reflected in the output of the production team (2) The right number of production personnel with the skills and training necessary for implementing day to day activities are used (3) There is a defined responsibility for the individual production worker. Hence, production target is in place and monitored (4) The machines are always in a healthy state. Once broken down they can always be repaired and restored in a negligible time frame and (5) There is a clear definition and measurement of output. Hence, unit of measurement of production output are known and specified.
If all these assumptions are valid then we can en-vision a new host of variables to which work standard relates. Obviously, this modelling effort is a natural extension of the traditional way of calculating work standard of various jobs. The traditional perspective of work standard calculation hinges on determination of standard time through actual observation. However, our model builds on this to incorporate a predictive element in order to allow for the calculation of the standard time needed to carry out certain activities based on historical data.
The model developed in this work is as stated below: if "y ij " represents the standard time of activity "i" in period "j" and x j denotes the parameter of interest for the measurement period, then we may have a predictive model of the form
Since we are investigating a case for a roofing sheet industry, it means that this simple model applies to each of the three processes of bending, rolling, and crimpsin. Depending on the function behaviour of the parameter of interest the function may assume any mathematical expression of linear and non-linear functions. For a clear understanding of our model we limit ourselves to the bending process for the purpose of this explanation. If we take a close look at the basic variables that serve as the components of the bending process, then the following may be mentioned:
(1) Number of bends that would appear on the flat sheet when finished 
Based on all these variables, the standard time could be determined in seconds or minutes. Arising from our calculation could be the standard time per bend. We could also calculate the running (rolling) per shift as well as the weight per shift. For the rolling process, modelling the system is slightly different from that of the bending. In general, the following elements also influence our calculation:
(i) the number of observations considered; (ii) total number of observed time; (iii) average observe time; (iv) performance rating; (v) basic time; and (vi) allowance.
The explanations for each of these terms are given below: Number of observation considered: The number of observation considered refers to the numbers of operational work that the observed operator does within a specified time range. In this work, the time range for the observation was 8 hours. More explanatorily, considering a drilling operator, the number of observations considered in a specified time range will be the amount of drill operations he did within that time frame. Total number of observed time: This is the total number of hours that the operator spends on productive operation with a specified time range. Productive operation refers to the operation that the operator is paid to do within the specified time range. It can be easy obtained by the summation of the time spent on each operation with the specified time range.
Average observed time: This is a representation of the time the worker spends on one operation. It can be gotten as the ratio of the total number of observed time and the number of observation within a specified time range. It has the unit of time.
Performance rating: This is the relative performance of the operator observed to that of an ideal operator (efficient). The measure of performance of the operator could be the number of observation considered, total number of observed time or average observe time. Performance rating is relative that it can be expressed that the performance of ideal operator is 100% therefore the performance of the observed operator will be less than 100%. Performance rating is analogous to efficiency of the worker.
Allowance: It is the time left between each operation or it is non-productive time. Allowance has the unit of time. It can be expressed as the difference between the total time range (i.e. 8 hours) and the total number of observed time. The operator takes breaks in between operations to eat or do some other things. This time frame of the worker not being productive is the allowance time.
Basic time: This is the actual time that an operator does work without allowance.
In developing the model work standards data from actual production operations were collected. The historical work standard data and the model results for the various processes are shown in Table 1 , starting with the bending process. The linear model suggested above was applied to the data. Thus, resulting in six sets of equations for the bending process (Table 2) . It should be noted that table 1 produces only the first element of Table 2 (i.e. place sheet in machine). Therefore, in order to develop the linear model for the other five activities we obtained similar data to table 1 for experimentation. An interesting dimension of the model is varying the order of the equations. A second order work standards model for the bending operation could thus be formulated such that if "y" is differentiated with respect to the component variables, we may establish different sets of equations. 
If this equation is differentiated with respect to x 1 , then we have:
This means that in order to find the number of bends that a set standard time could permit, you only need to know the number of observations involved. For instance in the case of 15 observations the number of bends for the optimal level of performance will be 0.7890(√15) = 3 bends.
A variance of these could be obtained if factored. If we consider the making a factor of x 2 , then we have the equation
The summarised results of the second order equations for the bending process are shown in Table 3 . For the rolling process we have a set of equations for the first and second order linear equations shown (Tables 4 and 5) . By applying the same approach to the crimpsin process we have a new set of equations in Tables 6 and 7 . 
DETERMINATION OF THE ACCURACY OF THE MODEL
It is assumed that the x j -values x ji , …, x jn in the sample (x ji , y i ), …, (x jn , y n ) are not all equal. The model y i = f(x ji ) can be expressed in both linear and non-linear forms. Using the least square method to determine the accuracy of the formula. Taking the approximation function in the form:
The difference (y i -y) should be small for high accuracy, i.e. y i -y = y i -(k o + k i x ji ), where j = 1, 2, 3, 4. The sum of the squares of these differences is:
Differentiating (8) with k o ad k i respectively:
Equations (9) ad (10) become equations (11) ad (12) respectively,
Equations (11) and (12) ( )
But from the simple regression line the formula:
( ) 
with the "sample covariance" Sx j y given by: 
Equation (15) is not zero with the above assumption. Hence, the system has a unique solution. 
CASE STUDY
The case study roofing sheets manufacturing organisation (Figure 1 ) has it administrative and operational control vested in the General Manager, under the broad policy direction of the Managing Director of the group to which the unit is a member. Colours and sizes specify roofing sheets. Customer orders could be for plain or coloured (blue, pale green, red) roofing sheets. The specifications of roofing sheets by sizes are in width (girth), length, and thickness. The girth are usually between 1000mm and 1200m, while the length could be as low as 0.5 metres or significantly higher. The thickness ranges from 0.35mm to 0.55mm. Thus an order could be in the form: thickness x width x length. For bent products, the specification is usually in terms of number of bends. Usually, bent products are made from already processed roofing sheets. Also, roofing sheets that are processed are used for the crimpsin process, in which the parameter of interest is number of crimps. Primarily, the bending and roll forming processes consist of three activities each coilloading, machine running time, and unloading times. The results show that on the average coil loading time was 12 minutes; coil offloading time takes about 2 minutes, and machine running time per metre averages 3 seconds. For the roll forming crew/shift has the capacity to produce up to 14.88.8 tons of roofing sheets with a thickness and width of 0.45mm and 1,200mm respectively. For a 0.55mm x 1,200mm sheet, a crew/shift can produce up to 18.197 tons. Furthermore, for a diversion of 0.55mm x 1,000mm sheet, 15.164 tons is achievable. For the bending process, the standard time per bend is 35.36 seconds for a thickness of 0.45mm. The achievable production capacity per shift is 0.857 tons per shifts. On the average, the standard time per bend is 34.37 seconds. data from anywhere. Therefore, a more accurate standardization can provide the factory managers a strong basis to make right decisions. 
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